The analyze of meat exposed to commercialization, it becomes necessary to know its physicochemical, organoleptic and nutritional characteristics, as well as the conditions of hygiene and preservation. The purpose of this study was to evaluate how different forms of processing and commercialization affect the physicochemical and microbiological parameters of pork loin (Longissimus dorsi). To achieve this, twenty samples of pork loin (Longissimus dorsi) were obtained. Ten samples were fresh and commercialized and handled on a counter and the other ten samples were vacuum-packed and frozen, without manipulation on the counter. The samples were analyzed for enterobacteria, mesophilic bacteria, chemical composition (protein, moisture, ash, fat) and physical parameters (pH, water holding capacity, shear force, cooking loss, color characteristics by the CIE system L* a* b*). The data were submitted to analysis of variance and t-test (5% significance). The physical and microbiological parameters were influenced by the commercial forms evaluated (P <0.05), except pH and water holding capacity. Ash, moisture and fat contents did not differ (P>0.05), while protein content was lower in meat in natura (P<0.05). Despite the lower level of contamination, frozen meat undergoes significant physical changes that may compromise its quality and consumer acceptance.
Introduction
Pork is consumed in every continent of the world, having great economic importance in several countries. Although the pork industry has become highly competitive and this type of meat is the most consumed in the world, its consumption in Brazil is still lower than beef and chicken (Laurenti et al., 2009) . According to Schlindwein and Kassouf (2006) , this fact is mainly due to the formation of a negative image associated with pork that is rooted in Brazilian society and is related to possible deleterious effects on consumer health.
Taking into account that improper storage and handling of products of animal origin are factors responsible for the reduction of shelf life and, consequently, deterioration of these products (Oliveira et al., 2008) , the form of commercialization has a strong impact on the sensory and microbiological quality of the meat. In cities in the inner region of the country, the commercialization of meat in natura, in street markets, for example, is still common and traditional. But, this is a matter of concern and frequent caution due to the hygienic-sanitary deficiencies, as well as the lack of control with regard to the origin of the commercialized foods (Garcia-Cruz et al., 2000) . It should also be considered that food of animal origin and its derived products, when they are not stored or packaged properly, are exposed under unhealthy conditions, subject to the direct action of pathogenic or non-pathogenic microorganisms from environmental contamination and environmental pollution, as well as insects (Germano and Germano, 2008) .
However, several methods can be used for proper food preservation, among others, freezing is an important preservation method for meats and derived products. It is based on the fact that low temperatures destroy some microorganisms and prevent the growth of others, thus eISSN: 2550-2166 © 2017 The Authors. Published by Rynnye Lyan Resources allowing the production of a high-quality product even after a long period of storage (Fontes and Lopes, 1994) . However, although microbial deterioration is effectively controlled, deterioration of quality, especially texture, taste and color, still occurs during freezing due to osmotic water removal, myosin denaturation, mechanical damage caused by the formation of ice in the interior of cells, as well as cross-linking and aggregation of myofibrillar ( Monteiro Filho et al., 2002; Xia et al., 2009) .
Therefore, the structural characteristics of foods are of great importance for texture properties, which directly affect the sensory perception of food products. Consequently, a basic understanding of how raw material quality and processing parameters influence the structural characteristics of foods is vital to optimize the quality of the final product (Straadt et al., 2007) . As regards its quality, pork must have sensory, nutritional, hygienic and health aspects unchanged. Otherwise, the product will be compromised, resulting in economic losses for the industry and the consumer.
Knowing that several factors are important for changes in structural characteristics that may influence consumer perception, Lundgren et al. (2009) suggest that in order to analyze the meat exposed to commercialization, it becomes necessary to know its physicochemical, organoleptic and nutritional characteristics, as well as the conditions of hygiene, preservation, exposure, and commercialization. Thus, the objective of this study was to evaluate how different forms of processing and commercialization affect the physicochemical and microbiological parameters of pork loin (Longissimus dorsi).
Materials and methods

Twenty samples of pork loin (Longissimus dorsi)
were obtained from different points of sales, ten of the samples were in natura, commercialized and manipulated on a counter and the other ten were vacuum -packed and frozen, without manipulation on a counter. During the collection of the samples, records and observations of the hygienic-sanitary conditions of storage and handling of the products were carried out, in accordance with the Resolution RDC no. 216, September 15, 2004 (Brasil, 2004) .
In order to evaluate the microbiological quality of the meat, it was followed the methodology described in the official analytical methods for enterobacteria and mesophilic bacteria analyzes, established by the Normative Instruction no. 62 (Brasil, 2003) . The centesimal composition (moisture, protein, and ash) and fat content were evaluated using the methodology described by AOAC (2005) and Folch et al. (1957) respectively.
The pH of the samples was determined using a HANNA® digital pH meter HI 99163, coupled to a penetration electrode, the pH being measured directly in the muscle (AOAC, 2005) . The color was measured in the Konica Minolta colorimeter, CM-700d / 600d (CIE System L*a*b*), whose system considers the coordinates L* lightness (black/white), a* redness (green/red) and b* yellowness (blue/yellow). The determination of water holding capacity (WHC) was based on the measurement of water loss released when a pressure was applied to muscle tissue. Based on the difference of the weights (initial -final), it was determined the water holding capacity, expressed in percentage of lost weight of the initial sample (Hamm, 1960) .
For the analysis of cooking loss (PPC), the meat samples were weighed and wrapped in aluminum foil. They were then transferred to a grill where they remained until the internal temperature of the muscle reached 71 to 75 ° C. Subsequently, the samples were removed from the grill and weighed again for the calculation of the percentage of water loss during the thermal process (Osório et al., 1998) . In order to evaluate the shear force, it was used the same samples used in the PPC determination, from which 1 cm diameter samples were drawn through a nozzle and measured in a texturometer (Texture Analyzer TA-XT-125) coupled to the Warner-Bratzler device, which expresses the force in kgf/cm².
The data were submitted to analysis of variance. The effect of the treatments on each variable was compared by means of the t-test, at 5% probability level. Statistical procedures were conducted using SAS PROC GLM (Statistical Analysis System, version 9.2.).
Results and discussion
The hygienic conditions of the working environment and the fulfillment of official and legal requirements are important factors in the production and commercialization of safe and quality food (Lundgren et al., 2009) . Thus, when assessing the microbiological quality of a food, it is necessary to observe such conditions in order to confront with the results obtained in the laboratory. The counters where the meat in natura was being commercialized were in compliance, showing no apparent dirt and being considered regular. However, it was noticeable the presence of dirt in the corridors of the establishments, which could compromise the hygiene of the meat exposed for commercialization.
As for the handlers, in all the counters inspected they used only a cloth to clean the hands and utensils (100% of the obvested), not being observed the presence of exclusive washbasins for the hands, which is fundamental for the proper process hand-hygiene. It was also not observed the use of hats and clothing suitable for work (80%), similar to that verified by Lundgren et al. (2009) . It was also verified that the same people who manipulated the meat were the ones who received the payment (90%), thus facilitating the contamination of the meat, which goes against the RDC Resolution no. 216 (Brasil, 2004) : food handlers should be clean, wearing caps, smocks and gloves, and should not manipulate money, wear accessories nor eat while performing activities. According to Silva Júnior (1995) , personal hygiene is one of the most important requirements related to food hygiene, since man is directly or indirectly responsible for the contamination of food during handling.
Regarding the places of commercialization of frozen meat, there was no direct manipulation since they are vacuum-packed (100%) and thus commercialized in an adequate manner, with an average temperature of 5º C. The commercialization of meat in natura is not in accordance with the ordinance n. 304/96, which stipulates that slaughtering establishments for cattle, buffaloes, pigs, and poultry may only deliver meats for commercialization with temperature up to 7ºC and the meats can only be distributed in standardized cuts, properly packed and identified. All the meat samples evaluated in the street market and in the public market can be considered out of the established standards (Brasil, 1996) . Abrahão et al. (2005) state that, even when obtained from healthy animals, meat is a potential vehicle for biological, physical and chemical contaminants in the several stages of processing, from production, processing, storage, transport and commercialization conditions, with the aggravating fact that throughout the process, the meat is handled by people who, due to lack of guidance or negligence, contribute to the poor quality of the product that reaches the consumer. The lack of slaughterhouses and cold-storage houses specialized in the slaughtering of pigs in the correct way in the region, propitiate the clandestine slaughter of animals and the sale of products of animal origin without sanitary inspection. Even though the commercialization of meat in natura is considered a tradition it may compromise public health by exposure to unfavorable conditions of handling and hygiene.
Microbiological analysis (Table 1) showed that there was more contamination in the samples commercialized in natura (P <0.05). This result confirms that the handling of the meat under inadequate hygienic-sanitary conditions, confirmed by the visual observation of the commercial places, compromised the sanitary quality, since these deteriorating microorganisms are related to unfavorable hygienic conditions, agreeing with the statement made by Cardoso et al. (2005) that in fresh food of animal origin the occurrence of high numbers of Enterobacteriaceae and aerobic mesophilic bacteria may indicate handling without hygiene care and/or inadequate storage. The investigation of enterobacteria in beef is important because they are associated with outbreaks of foodborne diseases, highlighting Salmonella spp. as the etiological agent (Germano and Germano, 2008) .
The Brazilian legislation does not establish a standard for total counting of mesophilic aerobic bacteria in raw meat. However, Delazari (1979) observed that meats with bacterial concentrations around 107 CFU/g (7.0 log CFU/g) are already with their quality compromised in relation to the aroma and the superficial viscosity. This is because the bacteria start using amino acids as a substrate for their growth, which causes the appearance of odors and undesirable aspects (Silva et al., 2002) .
The chemical composition (Table 2) was not influenced by commercialization and processing (P> 0.05), except for protein content that was higher in frozen loin (P<0.05). Fernandes et al. (2016) did not find differences when evaluating the influence of the commercialization form on the chemical composition of the meat. (Table 3) and it showed similar averages to those found by Barbosa et al. (2006) and like the ones attributed by Fox et al. (1980) and Caldara et al. (2012) for pork in PSE condition (< 5.8). The pH value of the meat influences protein denaturation, myofibrils distention and muscle cell shrinkage. This parameter is strongly influenced by pre and posts death biochemical events (Hughes et al., 2014) and in the case of pork, it may be linked to a metabolic dysfunction known as porcine stress syndrome (PSS) that seems to be caused by the presence of the halothane (Hal) gene. When the animals are exposed to stress factors they have a much faster release of sarcoplasmic calcium after bleeding (Ramos and Gomide, 2009 ). Thus, the results obtained in this study seem to be more related to factors of slaughter or intrinsic to the species than the form of post-maturation storage.
In this study, the color-related parameters were influenced by the freezing of pork loin (P <0.05), with reduction of lightness (L*), redness (a*) and yellowness (b*) of the meats. According to Xia et al. (2009) , the color plays an important role in the appearance, presentation, and acceptability of frozen pork. Kim et al. (2013) , Xia et al. (2009) and Lindahl et al. (2006) noticed an increase of b* and L* in pork subjected to freeze/thaw cycles, associated with greater lipid oxidation of the loin and the formation of metamioglobin, suggesting an acceleration of oxidation and deterioration in myoglobin. However, according to Morgado et al. (2011) , the color is also influenced by the packaging material, freezing speed and storage conditions such as temperature, time and light. Thus, loins vacuum-packed, stored under freezing and greater irradiation from the chambers of refrigeration in the supermarkets are darker than those in natura, exposed on counters. Davis et al. (2004) and Zhu et al. (2004) also observed changes in pork color as a function of storage time and the amount of irradiation, making them darker the higher the dose and the storage time, which is consistent with the results obtained in this experiment.
While attributes such as softness, taste, and juiciness are the most important characteristics from the consumer's point of view, their evaluation is difficult before purchase as the product is not visible and can suffer great variation (Verbeke et al., 2010) . Hughes et al. (2014) state that there is often a poor correlation between the water holding capacity (WHC) of the raw meat, the water lost during cooking and the juiciness of the final product. As who determines the acceptability of the product is the consumer of the cooked muscle, the changes during cooking are the most important. Thus, although no influence of the commercialization form on the WHC (P> 0.05) was observed, the cooking loss was higher in the frozen loin than in the commercialized in natura (P <0.05). During freezing and thawing of meat, its proteins, mainly myofibrillar proteins, may undergo denaturation resulting in dehydration and it could lose over the time the ability to maintain and retain water (Kołczak et al., 2005) . This protein denaturation may be the reason for the greater weight loss during cooking observed in frozen commercialized meats.
The analysis of the softness of the meat, measured by the determination of the shear force, showed a significant difference between the two commercialized forms (P <0.05), with a higher value for frozen loin, as mentioned by Xia et al. (2009) , who reported that the cutting force of pork increases after a freeze-thaw cycle compared to fresh pork. Freezing is one of the best ways to preserve the original characteristics of a product and avoid organoleptic changes in it. However, the freezing form, specifically in the case of special cuts of meat, can cause loss in product quality, leading to the formation of ice crystals with consequent damage to the integrity of the fibers of the meat, besides causing an increase in the loss of water compromising the tenderness of the meat (Liu et al., 2010) . Probably, as a result, the consumer is led to purchase meat in natura, often in street markets and public markets, thus encouraging the permanence of this form of commercialization, even with the confirmation of the high rates of nonconformities of these places with the RDC 216.
Conclusion
The pork loin commercialized in natura shows higher levels of microbiological contamination when compared to the samples under refrigeration and this is mainly associated with the lack of care during manipulation. Despite the lower level of contamination, frozen meat undergoes significant physical changes that may compromise its quality and consumer acceptance.
